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Abstract
Indonesia islands are situated in equatorial region with relative high density of thunderbolt rate. As developing country Indonesia 
builds many generating plants. During lightning stroke, some spikes occurred in turbine-generator vibration monitoring systems. 
Electromagnetic compatibility (EMC) problem was happened in the systems. This paper proposes mitigation technique to 
overcome spikes in vibration monitoring systems of a generating plant.  The spikes displayed in the monitoring system were 
evaluated and will be mitigated. A filtering system is one of alternative solutions to cope this problem. Ferrite ring component 
which is a part of filtering system was recommended to put before load (the monitoring system). The result of Pspice simulation 
showed that the combination of ferrite ring and shunt capacitor to form L-C LPF can suppress the amplitude of the spikes 
effectively.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
Malaysia.
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1. Introduction
Electromagnetic interference (EMI) which is part of the EMC phenomenon can be caused by the interaction 
between electronic-control equipment system and surge. The surges have the possibility occurred by several types of 
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incidents, such as the opening and closing of switches, electronic discharges (ESD) and lightning. Lightning is 
natural event that induces electromagnetic emissions which propagate over distances ranging up to several thousand 
kilometers, causing spikes or sharp random pulses in the electromagnetic spectrum [1].
The keraunic level in Indonesia is among the greatest in the world i.e. between 180 and 260 thunder days per 
year. The ground flash densities range up to 30/40 ground strokes per km2 per year [2]. Recently a petrochemical 
plant plans to operate three units of electrical generating station. In spite of the system of generating plant hasn’t 
started up yet, the spikes occur in monitoring during lightning stroke. They have ability to trip the systems when the 
turbine-generator is running. EMI/EMC problem takes place at the vibration sensor monitoring system. A filtering 
system is one of proposing method to mitigate this problem. Ferrite ring which is a component of filtering system 
was recommended to suppress the spikes that caused by very fast transient over voltage (VFTO) from the lightning
[3].
This paper introduces EMI/EMC concepts, analyzes the occurrence, proposes mitigation and is organized as 
follows. Chapter 1 introduction, describes the background, the problem, and the writing systematics. Chapter 2 basic 
theories, explains about lightning as a source of disturbance and ferrite ring impedance. Chapter 3 explains propose 
methods in mitigation containing filtering and ferrite ring selection.  Chapter 4 describes simulation model and 
result, and chapter 5 gives a conclusion.
2. Basic Theories
EMI is any electromagnetic disturbance that interrupts, obstructs, or otherwise degrades or limits the effective 
performance of electronics and electrical equipment. It can be induced intentionally, as in some forms of electronic 
warfare, or unintentionally, as a result of spurious emissions and responses, intermodulation products, and the like. 
EMC describes the ability of a receptor (a device, an electronics or electrical equipment) to work properly in an 
electromagnetic environment without introducing intolerable electromagnetic disturbances [4,12]. 
EMI/EMC system identifies the source and victim which are linked in the coupling mechanism. The coupling 
mechanism could be radiative, inductive, capacitive or conductive. In some cases lightning can be considered as the 
source and the vibration monitoring system as the victim.  Electromagnetic induction from lightning might be 
emitted in three ways which consists of radiative, inductive and capacitive depending on the distance of lightning 
locations.
The basic concept of EMI/EMC model that explains the relation between the source and the victim (a receptor)
can be made in a simple picture [5,6]. The coupling mechanism was drawn in middle of the picture that connects 
between the source and the victim, see Fig 1. The level interference among frequencies resulted by victims and 
sources should be reduced by mitigating system.  The aim of mitigation is to sustain the performance of victims 
(electronic equipment, etc).
Fig. 1. Basic concept of EMI/EMC model
2.1. Lightning Electromagnetic Pulse
Lightning electromagnetic pulse (LEMP) current can be described by parameters that consist of the current peak, 
current steepness, charge and energy. It can be depicted in time domain and frequency domain as shown in Fig 2(a) 
and (b). The impulse current, in time domain can be approached by using “Eq. (1)” according to [4] as follows:
          (1)
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With a current constant, Ai, of 0.01234 (ms)-3, Ip is the peak impulse of the current.
Bandwidth f1 and f2, in frequency domain, are determined by the period or duration (T), and the rising time (tr). 
These bandwidth frequencies are important quantities that are used to decide the distance of the source location, the 
type of coupling, and filter parameters.
(a)        (b)
Fig. 2. Lightning Electromagnetic Pulse (LEMP) in time domain (a) in frequency domain (b)
2.2. Ferrite Ring Impedance
The impedance of a ferrite ring depends on inductance, frequency, permeability of its material (P), and the 
dimensions of the ring, which consists of l (length), d (inside diameter), and D (outside diameter), as shown in Fig 
3(a). Whereas Fig 3(b) shows the serial and parallel equivalent circuits of the ferrite ring which the R (f) and L (f) 
are frequency resistance and inductance respectively [7,8].
                          (a) (b)
Fig. 3. Illustration of a ferrite ring (a) its geometry and (b) the serial and parallel equivalent circuits
Permeability of a ferrite is a complex number that consists of a real and imaginary part and varies as a function of 
frequency.   The equations for the impedance of the series equivalent circuit can be seen in “Eq. (2)”. “Eq. (3)” 
describes the impedance for the shunt equivalent circuit. Both equations depend on the real and imaginary parts of 
permeability, P’and P”.
                                             
                
(2)   
(3)   
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The inductance of the ferrite ring (L in henry) equation is described in “Eq. (4)“ according to [8]. We can see that 
the ferrite inductance is proportional to the current, I, which flow through the wire conductor inside the ferrite ring. 
The value of impedance will increase as the current increasing.  If there is no current flow to the circuit, the 
impedance of ferrite will be zero.
The quality factor (Q) for the serial connection equivalent circuit (tan G P’P”) defines the maximum energy 
stored in the inductor L(f) to the energy dissipated by the resistance R(f) in the circuit per cycle of oscillation. Based 
on the quality factor commonly ferrite rings are divided into categories. Ferrite rings with high factor quality are 
used for resonators in power isolation circuits. Ferrite rings with low factor quality, or absorptive ferrites are good 
for filter for absorbing high frequency current disturbance and they dissipate the disturbance as heat. These ferrites 
have high impedance and high frequency bandwidth that can be used as low-pass filters (LPF). Fig 4 (a) shows the 
phasor diagram of impedance, Z(f) in the serial equivalent circuit which comprises of the real part R(f) and the 
imaginary part, jXL(f). Fig 4 (b) was taken from manufacturer testing and shows that real and imaginary 
permeability depend on frequency.
                jXL(f) = jɘL ɊԢ
                                                                             Z(f)   
              Imaginary
                  part
G                                                  R(f) = ɘL Ɋ̶
(a)                                                                                                             (b)                                                      
                                                                               Real part
Fig. 4. (a) Phasor diagram for serial connection equivalent circuit, P” &P’ real & imaginary part 
(b) Complex permeability vs. frequency measured on a 17/10/6mm toroid as assigned by the manufacturer [8]
3. Proposed Methods
3.1. Filtering 
Filtering plays an important role in an EMC mitigation system. The aim of filtering is to reduce the coupling 
disturbance from the source to the victim, to moderate emission or to increase immunity. Filtering can be more 
difficult if disturbance frequencies from the source and signal frequencies of the victim are close to each other 
compared to if the source and the victim frequencies are far away from each other.
There are two types of filters available, which are the active and passive filter.  The active filters are made out of 
electronic devices by using several op-amp configurations. To activate an op-amp, we need additional voltage 
source (Vcc).  Active filter system has  recent been  installed at the site with a frequency setting of 500Hz. Table 1 
gives the values of the amplitude spike before and after active filter installation in inch/s.
(4)   
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Table 1.Value of amplitude the spikes before and after active filter installation in inch/s
Signal Name (from Sensors) Value before active filter Value after active filter
BB10-Generator Brg#5 34.83 7.85
BB12-Generator Brg#4 26.24 10.30
BB1-Turbine Brg#1 1.49 0.21
BB2-Turbine Brg#1 1.53 0.24
BB3-Turbine Brg#2 1.51 0.09
The vibration sensors system was already put in each turbine-generator set. In spite of the active filter installation 
and no vibration that caused by turbine-generator rotation, the monitoring system still displayed certain spikes as 
showed in the Fig 5. The remain spike impulses that propagate in the sensor data cables can possibly trigger alarm 
and trip the system. The alarm vibration setting in the turbine is set at 0.5 inch/s, for high, 0.95 inch/s
for shutdown and 1.0 inch/s for trip. The generator vibration alarm setting for the high and trip instance is set at 
0.177 and 0.279 inch/s respectively.
Fig 5 (a) shows the sample impulse from the vibration sensor monitoring system that was affected by a 
thunderbolt. The maximum amplitude of the spike is 0.24053 inches/s, the rise time is about 0.0016 seconds and the 
period is about 0.0048 seconds, which means the bandwidths f1 and f2 are about 208 and 640 Hz respectively. Fig 5 
(b) shows the sample impulse that affected by thunderbolt II, the maximum amplitude spike of 0.673465 inches/s, 
the rise time of about 0.0015 seconds, and duration of about 0.0047 seconds, which means the bandwidths f1 and f2 
are about 215 and 672 Hz respectively. These numbers were still below the value of the alarm setting in the turbine-
generator sensor. 
(a) (b)   
Fig. 5. Sample spikes from the vibration monitoring system that was caused by thunderbolts (a) low amplitude (b) high amplitude
3.2. Ferrite Ring Selection 
Ferrite ring is one type of passive filter that recommended solution to reduce the spikes. Passive filter has 
advantage compare to the active filter. It can work without additional voltage source (Vcc). Ferrite ring selection is 
based on its impedance and frequency. Table 2 gives the value of the ferrite ring impendance and its dimension. The
initial permeability, ȝL, for type HF70 and HF40 at frequency 10 MHz and 100 MHz, as assigned by the 
manufacturer, are 1500 and 120 respectively. The impedance increases as the dimension and its frequency increases.
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Table 2.Impedance value of ferrite ring as assigned by manufacturer
Part name
Dimensions (mm) ,PSHGDQFHȍ
(D) (d) (l) 10 MHz 100 MHz
HF40BB3.4X3X1 3.4 1 3 7 39
HF40BB6X3.8X3A-G 6 3 3.8 4 35
HF70BB2.5X2.2X0.8 2.5 0.8 2.2 15 27
HF70BB9X10X4.5 9 4.5 10 40 68
HF70BB9.5X10.4X4.9 9.52 4.9 10.42 40 70
4. Simulation 
4.1. Simulation Model
The simulation model for ferrite ring uses the alternative equivalent circuits that are shown in Fig 6(c). [7-8]. At 
low frequency, Cpar(parasite) was opened and L(f) shorted. Thus R(f) from the ring ferrite remains as a DC 
component. As the frequency increase the inductive reactance, XL(f), starts  to rise linearly. Meanwhile capacitive 
reactance(XCpar) decrease inversely proportional to frequency. At a certain high level frequency, XCpar, dominates 
the total impedance of the ferrite ring. [7]
(a)        (b)               (c)      
Fig. 6. The alternative equivalent circuits of ferrite ring
Simulation was done by using Pspice Evaluation Version 9.1. The spikes signal for simulation circuits can be 
created from Vpulse, as shown in Fig 7. Attributes of pulse are taken from the PartName and consists of the 
amplitude (5 V) delay time, rising time and falling time each of 1ns, pulse width and period of pulse were 5 ns and 
10 ns respectively. The loads were simulated by two types of 0.1 mA, serial RL and 50 mA current, as shown in the 
simulation circuits Fig 7.(a)-(d)
(a)                       (b) 
(c)        (d)  
Fig. 7. The simulation circuits (a) RC-LPF with load current of 0.1 mA (b) RLC- LPF with load serial RL circuit 
(c) ferrite ring  with load current of 50 mA (d)  ferrite ring  and CVAR  to form LPF with load current of 50 mA 
The simulation parameters for figure 7(c) and (d), as follows, R1 (1 ohm) is the representation of combination of 
dc cable resistance and ferrite ring resistance. R3 is the representation of parasitic resistance of the ferrite ring in the 
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first and second type simulation respectively. C6 is the representation of the parasitic capacitances, L2 is the 
representation of the ferrite ring inductance, C7 is shunt capacitor filter and current source, I1 is the load of the 
simulation circuit.
4.2. Simulation Result 
Fig 8(a) shows the wave form, from result of simulation LPF circuit without inserting inductor and load current 
of 0,1mA. The vertical axis displays the amplitude of the spikes simulation in volt unit, firstly it was 5 volt and then 
after applying LPF it reduced to about of 1.5 Volt; therefore the amount of insertion loss is around 10.5 db. Fig 8(b) 
shows the wave form, from result of simulation LPF circuit with load serial RL circuit. We can see from the figure 
that the spikes were suppressed until zero in about 3.0 microseconds after inserting serial inductor of 10PH, see Fig 
7(b). 
         (a)                        (b)     
Fig. 8. The wave form from result of simulation (a) RC LPF with source current of 0.1mA as load (b) RLC LPF with serial RL as load
Fig 9 (a)-(b) display the wave form from result of simulation with load current of 50mA, before and after 
inserting ferrite ring. 
(a)                   (b)   
Fig.  9. The wave form from result of simulation with source current of 50mA as load (a) before inserting ferrite (b) after inserting ferrite
Fig 10 (a)-(b) show the wave form from the simulation after inserting shunt capacitor where the spike was
reduced from 5 to about 1 Volt.
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(a)                 (b)     
Fig. 10 The wave form from result of simulation with after using shunt capacitor.
(a) Capacitor variation of C1,C2 and C3  (b) Variation of load, I
5. Conclusion
EMI/EMC problem in generating plant system is common occurrence especially in sensor cables where it uses 
low voltage. It should be taken into account in the pilot design to minimize losses and cost in crisis incident. 
Filtering system such as ferrite ring or LPFs are needed to apply for attenuating higher frequencies belong to the 
spikes that induced by lightning strikes. The passive components inductor and capacitor have very important role in 
suppressing the spikes. Based on the measurement in the site, the filter active installation, one type of preventive 
method to mitigate the disturbance, contributes to reduce the spikes about of 15 %. Whereas based on our simulation, 
inserting ferrite ring and shunt capacitor can reduce the spikes until about 80%. Reducing the spikes also was 
influenced by the sizes and the types of load. 
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